Summary We analysed data on 1117 patients with gastric cancer who were treated by curative resection.
With emphasis on early diagnosis and detection of gastric cancer, prophylactic lymph node dissection and postoperative chemotherapy, the prognosis of patients with gastric cancer has improved (Maehara et al., , 1995a . However, recurrences are likely to take on a variety of forms and in different organs, even after curative resection of a gastric cancer (Baba et al., 1989; Ichiyoshi et al., 1990; Moriguchi et al., 1992a) . Recurrences were noted at each level of depth of tumour invasion and the rate of recurrences was increased in proportion to the degree of depth of invasion (Moriguchi et al., 1992b) . Risk factors for peritoneal recurrence were reported to be serosal invasion and Borrmann type IV and those for haematogenous recurrence were lymph node metastasis and vessel involvement (Moriguchi et al., 1992a) . However, there are few reports on patterns of recurrence with regard to each depth of invasion. When designing a post-operative follow-up system for gastric cancer after curative resection, it is important to examine the type of recurrence at each depth of tumour advance into the stomach wall. We determined clinicopathological and biological characteristics of gastric cancer with recurrences, and the type of recurrence at each level of tumour invasion was given attention.
Patients and methods
Patients and surgical treatment From 1965 From to 1987 From , 1117 Japanese patients with gastric cancer and no evidence of any other malignancy underwent gastric curative resection in the Department of Surgery II, Kyushu University Hospital, Fukuoka, Japan. Standardised procedures were: gastric resection was done, after determining the resection line 3 cm apart from the macroscopic edge for the localised tumour, and 6 cm for the infiltrative tumour (Kawasaki, 1975; Bozzetti et al., 1982) . Prophylactic lymph node dissection of more than D2 resection was carried out (Maehara et al., 1992) . Complete excision of invaded organs was done irrespective of the number of sites on the organs, when there was no evidence of incurable factors such as peritoneal dissemination, liver metastasis and widespread nodal involvement (Korenaga et al., 1988a) . All patients were examined clinically and pathologically with respect to the factors given in Table I . Pathological diagnosis and classification of the resected gastric cancer tissues were made according to the General Rules for Gastric Cancer Study in Surgery and Pathology in Japan (Japanese Research Society for Gastric Cancer, 1981 Cancer, , 1993 . The lymph nodes in groups 1,2 and 3 are referred to as nI, n2 and n3, respectively, based on lymph node metastasis. Lymph node dissection was classified as follows: Dl, complete removal of group 1 lymph node alone; D2, complete removal of group 1 and 2 lymph nodes; and D3, complete removal of group 1,2 and 3 lymph nodes.
Eight patients (0.7%) died within the first 30 postoperative days and outcome for two (0.2%) was unknown. Of the 1107 patients, 475 are alive, 351 died with a recurrence of the gastric cancer, 248 died with another disease and 33 died of undetermined causes. Death owing to causes other than gastric cancer were considered as censored data in the statistical analysis.
Staining for proliferating cell nuclear antigen (PCNA) Sections of 5 ym from paraffin blocks were dewaxed in xylene, rehydrated through a graded series of ethanol and immersed in 3% hydrogen peroxide in methanol. These sections were subsequently washed in phosphate-buffered saline, and normal goat serum was applied to reduce nonspecific binding. The primary antibody PC10, a monoclonal mouse antibody for rat PCNA, was purchased from Dako Corp (Carpinteria, CA, USA). The sections were incubated for 2 h with PCIO (dilution 1:20) at room temperature, then with biotinylated goat anti-mouse IgG (1:200 for 1 h), and finally with the avidin-biotin-peroxidase complex . Peroxidase labelling was developed with 3,3'-diaminobenzidine and hydrogen peroxide, and the sections were counterstained with haematoxylin. All stained nuclei were scored as positive for PCNA. The PCNA labelling index was determined by observing 1000 nuclei in areas of the section with the highest labelling frequency, and the percentage of PCNA-labelled nuclei (PCNA labelling index) was used for analysis.
Statistical analysis
The BMDP statistical package program (BMDP; Los Angeles, CA, USA) for the IBM (Armonk, NY, USA) 3090 mainframe computer was used for all analyses (Dixon, 1988 
Survival rates
The survival rate for patients with gastric cancer was compared with each level of depth of invasion (Figure 1 ). Death from causes other than gastric cancer was considered as censored data in the survival analysis. Post-operative survival curve was poorer in proportion to the level of depth of invasion (P<0.0001).
Discussion
The T factor of the TNM classification for gastric cancer was determined by the UICC organisation, according to depth of invasion into the gastric wall (Hermanek and Sobin, 1987) . (Maehara et al.. 1991a ). When we analysed recurrences with regard to each depth of invasion. haematogenous recurrences. in particular liver recurrence, were apparent. irrespective of the depth of invasion. The rate of recurrences was lower in cases of early depth of invasion in which the tumours invaded mucosal and submucosal layers (Moreaux and Bougaran. 1993: Maehara et al., 1993) . Therefore. the incidence of haematogenous metastasis was relatively higher in cases of early gastric cancer (Ichivoshi et al.. 1990 .
Haematogenous recurrence was thought to occur mainly when cancer cells released from the primary site entered the vessel system and were transported to the organ. where attachment and proliferation occurred (Noguchi, 1990) . The main locus of vascular invasion was seen most frequently in the submucosal layer (Noguchi. 1990 (Maehara et al., 1991 (Maehara et al., b. 1995b . With respect to lymph node dissection. extended lymph node dissection was not significant in the univariate analysis, however this factor was prognostically significant in the multivariate analysis. as reported previously (Maehara et al.. 1991a; Adachi et al.. 1994; Baba et al.. 1995) . As a number of factors showed a close relation, a multivariate analysis is crucial for analysing the independent factors involved in the clinical outcome.
Our analysis of all the data shows that serosal invasion. growth potential and extended lymph node dissection are important prognostic factors and the type of recurrence varies at each level of invasion of the gastric tumour.
